The widespread use of a-bungarotoxin (a-Bgt)3 for the study of cholinergic receptors has prompted the preparation of several radiolabeled toxin analogs. Iodinated a--Bgt, labeled either with 125 1 or 131 I has been prepared by the chloramine T method, by the lactoperoxidase method, with 125 IC1 , and by Pressman and Eisen's method (1) (2) (3) (4) (5) .
Iodinated analogs offer the attractive advantage of high specific activity, and relatively simple methods of preparation. They were found to inhibit the physiological response of muscle and nerve cells to acetylcholine, and to bind specifically to cholinergic receptors as judged from inhibition of binding by other cholinergic agents (see references given above). However, iodinated analogs present the disadvantage of short half-life of the isotopes used: 60 days for 1251 and 7 days for 131 1.
Cumulative damage to the protein by the penetrating y-rays from iodine was also observed. This necessitates frequent preparations and prompt use of the labeled toxin. 125I-labeled a-Bgt 3 prepared by the chloramine T method was found unsuitable for studies of ACh R (acetylcholine receptor)3 in brain (6) .
[3H] Acetyl a-8gt with 0.4-0.8 acetyl groups per molecule was prepared by Barnard ~~ (7). Chang et ~ (8) have separated several acetylated derivatives, finding that N,O-di and N,N,O-tri [3H] acetyl a-Bgts were specific reagents for the ACh R from diaphragm, while tri N, tetra and hexa acetylated products were increasingly less specific. The specific activities obtained were in the order of 1 Ci/mmole. This makes them unsuitable for biochemical \'1ork with tissues of low ACh R concentration.
· . -3- This work describes the preparation and some properties of a high specific activity a-[3H] Bgt, which seems to bind with high specificity to the ACh R from brain cortex and diapharagm.
MATERIALS AND t1ETHODS
Crude venom from Bunqarus multicinctus was purchased from Miami Serpentarium and stored at -20°C until used. CM-Cellulose (CM-52) was from Whatman, Viokase from Grand Island Biological Company, and 125 ICl (5 mCi/mmole) from New England Nuclear Corporation. Carrier-free tritium \"las suppl i ed by Lawrence Li vermore Laboratory. d-Tubocurari ne ch 1 ori de was from Calbiochem, carbamylcholine chloride from Sigma Chemical Co., and nicotine hydrochloride from K and K Laboratories. Palladium, 5% on powdered alumina, was from Matheson Coleman and Bell ~ Preparation of 125r-labeled a-Bgt a-Bgt was prepared from crude Bungarus multicinctus venom as described previously (9, 10) . The purity of the a-Bgt preparations \'Jas estimated to be greater than 9m~ by disk electrophoresis in lm~ polyacrylamide gels, follo\'Iing the procedure of Laemmli (11) . The activities of acetylcholin" esterase (EC 3.1.1.7), phospholipase A (EC 3.1.1.4), nucleotide pyrophosphatase (EC 3.6.1.9), and the phosphomonoesterase (EC 3.1.3.1) were measured by standard described methods (12) (13) (14) (15) .
~ These enzymes are usually present as contami nants of a-Bgt after chromatography on CM-Sephadex, but their activities were found negligible in the final preparation. For desalting and concentrating of a-Bgt and its analogs, Amicon UI-1-2 membranes were used.
a~Bgt \"las iodinated with 125 rC1 following the procedure of ~1enez et Under the conditions described in METHODS, the CM-Ce11ulose column is able to separate native n-Bgt from monoiodo-and diiodotoxin (Fig. 2 ).
However, with the proportions of 125 IC1 to toxin used here (5:1 or 10:1) no unlabeled n-Bgt was detected. In several prepar'ations, diiodotoxin was 80 to iOO% of the recovered material, and the rest was monoiodotoxin. The recovery of protei n was 75% and of radi oacti vity about 50~~. The absorpti on spectrum of 12512-1abeled a_Bgt was shifted slightly toward longer wavelengths, but other-vise was not significantly different from the spectrum of native a-Bgt (Fig. 3a) . This red shift was observed previously with proteins iodinated on tyrosine and is expected since the absorpti,on maximum of tyrosine shifts from 275 nm to 287 nm upon diiodination (18) . In addition, the pK a of the phenolic hydroxyl is lowered to near neutral pH (18, 19) , and partial ionization could further increase the red shift (to 311 nm) as well as the extinction coefficient (6,250 cm-1 . M-l ). Fluorescence of 125 12 _ labeled a-Bgt was quenched to 20% of that of native toxin, and the emission maximum is shifted from 342 nm to 347 nm (Fig. 3b) . The quenching of tryptophan fluorescence could arise from a direct interaction of the iodine atom with the indole side chain (20) or via resonance transfer of the excitation energy from tryptophan to an iodotyrosine residue with a lower fluorescence i ntens ity.
Lethality to mice of l25I2-labeled a-Bgt \'/as similar to that of the native toxin (Fig. 4) . lethal i ty of a-[3H] Bgt to mi ce \Alas found to be about 50~~ that of native a-Bgt (Fig. 4) . This lowered lethality may be due to partial reduction of disulfide bridges during the catalytic exchange. lrr vitro binding of tritiated toxin to rat diaphragm ( 
Binding of a~[3H]
Bgt to brain cortical homogenate was saturable at the expected low t6xin concentrations, and, strongly inhibited by the cholinergic agonist nicotine (Fig. 6) . It was previously shown that a~
[3H] Bgt binds to cortical crude mitochondri~l fraction which contains the nerve endings, with all the characteristics of a nicotinic antagonist (6) . Furthenmore, the tritium label in a_[3H] Bgt was found to be very stable; only 65~ of radioactivity was exchange'd with the solvent in 6 months .
Binding to brain and diaphragm of a a-[3H] Bgt preparation maintained frozen for one year was very similar to that observed with freshly tritiated,a-Bgt. This behavior contrasts sharply with that observed for 125I-labeled a~Bgt, for \'Ihich specific binding to diaphragm \'ias drastically . 3Abbreviations: a-Sgt, a-Bungarotoxin~ ACh R, acetylcholine receptor .. l25I-labeled a-Bgt, iodinated a-8gt; l25Il-labe1ed a-8gt, monoiodinated 125 a-Bgt; 1 2 -labeled a-Bgt, diiodfnated a-8gt. . . ,.
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